
UCSF
cancer
center

Magellan: Web Based Analysis
Of Cancer Genomics Data

Data Analysis & Statistical Tools SIG
November 5, 2004

Chris Kingsley
ckingsley@cc.ucsf.edu

Jain Lab
UCSF Cancer Center



UCSF
cancer
center

Motivation
♦ Many researchers at the UCSF CC were moving toward high throughput methodologies in a number 

of different areas
• Array based mRNA expression, CGH, proteomics, methylomics

♦ How are most biologists dealing with these megavariate data sets?
• Various algorithms/applications have been appearing

· Excel macros, SAM, Spotfire, Bioconductor, custom apps
· Range of functionality / usability / intimidation 

• Biostatistics gurus 
♦ How do we deliver the functionality while exploiting the domain knowledge of the biologists?

Analysis of High Throughput 
Biological Data
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Goals
♦ Give biologists themselves the ability to perform analyses, such that their 

domain knowledge is used.  Build an intuitive web based system with 
general application.

• Multiple, user specified data types of arbitrary dimension

♦ Allow the use of biological annotation information
• Many different quantitative / qualitative annotations can be linked to data

♦ Deploy analytical methods in a modular fashion for ease of extensibility
♦ Give users the ability to perform operations on their data prior to analysis

• Sub selection, projection, etc.
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Implementation - Magellan
♦ Web based
♦ Client – Server Model with a centralized Oracle 8 database
♦ Dynamic page content generated with Java/JSP
♦ Analytical methods generated in C or R thus far
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Generality of System

Generality and Expandability is Key
♦ Represent data and annotations abstractly to handle as much information 

as possible
• Data is derived from samples

• Annotations describe variables of a data type

♦ Do not impose a nomenclature on users but insist on consistency
• Imposing identifier nomenclature is a double edged sword – I’d rather use 

carrots (like databases of curated annotations) than sticks

♦ Do not impose particular file formats on data uploads.

♦ Try to minimize the pain of interfacing analytical applications
• Provide functionality in Java Classes with a well documented API

♦ Provide a number of generalized operations on data that can be combined
• Projection, sub selection, import, export, visualizations, etc.
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Analytical Applications

Don’t restrict the analytical tools that can be interfaced
♦ Use command line access to non-Java apps, and use flat files 

for data transfer.
• Other file formats can be generated by overriding Java methods

• In the case of R, a common data structure was adopted
· A Java method dynamically generates R code to load the flat file contents 

into that structure.

♦ Processes are forked off and the system waits for the 
appearance of the result file.

• Computation done server side, but should be scalable.

• Some results can be automatically stored as derived annotations
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Database Schema

Make no assumptions as to the type / content of data and 
annotations (EAV)
♦ Information stored as type – value pairs of strings
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Data
•Experiment ID
•Data Type Number
•Ordinal Position
•Sample Number
•ValueIdentifier

•Experiment ID
•Ordinal Position
•Data Type Number
•Identifier Type
•Identifier Value

Curated Annotation
•Upload ID
•Identifier Type
•Identifier Value
•Annotation Type
•Annotation Value

Sample
•Experiment ID
•Sample Number
•Sample Name

Data Type
•Experiment ID
•Data Type Number
•Data Type Name
•Number Entries

Upload
•Upload ID 
•Experiment ID
•User Name
•Content
•Description
•File Delimiter
•Entry Date

User
•User Name
•Password
•Lab Name
•Email address

Access
•Experiment ID 
•User Name
•Read Access
•Write Access

Derived Annotation
•Upload ID
•Experiment ID
•Data Type Number
•Ordinal Position
•Type
•Value

Database Schema

Make no assumptions as to the type / content of data and 
annotations (EAV)
♦ Information stored as type – value pairs of strings
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Data
• 50
• 1
• 10
• 2
• 1.5Identifier

• 60
• 10
• 1
• ‘BACID’
• ‘GU354’

Curated Annotation
• 100
• ‘BACID’
• ‘GU354’
• ‘Pathway’
• ‘Kinase’

Sample
• 60
• 10
• ‘OvCAR’

Data Type
• 50
• 1
• ‘CGH’
• 2500

Upload
• 10
• 50
• John Doe
• ‘CGH data’
• ‘ovarian tumors ’
• ‘\t’
• 11/7/03

User
• John Doe
• *****
• Jain
• doe@aol.com

Access
• 50
• John Doe
• 1
• 1

Derived Annotation
• 150
• 60
• 1
• 10
• ‘t-stat vs response’
• 3.8

Database Schema

Make no assumptions as to the type / content of data and 
annotations (EAV)
♦ Information stored as type – value pairs of strings
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Java API

Data Representation
♦ All information represented 

by compiled Java Classes 
accessible from JSP pages

• Methods allow developers to 
specify analytical 
parameters, generate data 
files, fork processes, etc.
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Use of Annotation Information

Annotations describe variables of a data type
♦ Chromosomal position of genes, pathway designation, correlation with 

outcome, etc.
♦ Annotations can be used by certain algorithms / data operations
♦ Data and annotations are linked in two ways, depending on the type of 

annotations
• Curated annotations – Applicable to many Data Sets.  Linked through textual 

‘identifiers’ such as genbank ID’s
• Derived annotations – Specific to one data set.  Linked by row number
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Curated Annotations

1. Identifier Type

2. Identifier Value

3. Annotation Type

4. Annotation Value

Identifiers

1. Experiment ID

2. Data Type

3. Ordinal Position

4. Identifier Type

5. Identifier Value

Data

1. Experiment ID

2. Data Type

3. Ordinal Position

4. Sample

5. Value

Derived Statistics

1. Experiment ID

2. Data Type

3. Ordinal Position 

4. Annotation Type

5. Annotation Value



UCSF
cancer
center

Use of Annotation Information

Data

1. 50

2. mRNA expr.

3. 125

4. 17

5. 2.63

Derived Statistics

1. 50

2. mRNA expr.

3. 125 

4. T-stat vs survival

5. 5.3

Curated Annotations

1. GenbankID

2. AB123

3. Pathway

4. Kinase

Identifiers

1. 50

2. mRNA expr.

3. 125

4. GenbankID

5. AB123

Annotations describe variables of a data type
♦ Chromosomal position of genes, pathway designation, correlation with 

outcome, etc.
♦ Annotations can be used by certain algorithms / data operations
♦ Data and annotations are linked in two ways, depending on the type of 

annotations
• Curated annotations – Applicable to many Data Sets.  Linked through textual 

‘identifiers’ such as genbank ID’s
• Derived annotations – Specific to one data set.  Linked by row number
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Data Sub Selection
♦ Data sets can be sub selected based on quantitative or qualitative 

annotations
• Allows the creation of biologically meaningful subsets

• Set size reduction can reduce the effects of multiple comparisons.

Genes whose 
expression is nominally 
correlated with 
Phenotype (p = 0.01).
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No imposed file formats - The User defines the type and 
location of the uploaded information
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Information is previewed prior to upload
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Demo
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Application of Magellan to Breast 
Cancer Cell Line Data

44 Breast cancer cell lines were analyzed for mRNA 
expression (Affy) and array based CGH
♦ Question:  what is the effect of genomic copy number on gene 

expression?

♦ Look at sample to sample correlation of CGH/expression data, 
but bin by genomic position.

• Look for genes whose expression correlates with copy number in 
frequently altered regions
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Application of Magellan to Breast 
Cancer Cell Line Data

EGFR: r = 0.93

RAB22A: r = 0.89

ERBB2: r = 0.78

FADD: r = 0.86

PPP2CA: r = 0.78

BAF53a: r = 0.78

Genome Wide Correlation Plot
♦ There is a positive correlation between copy number and expression.  

Those genes that correlate strongly can be investigated further
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Application of Magellan to Ovarian 
Tumor Data

Projection of subsets between data types
♦ Looked at CGH and mRNA expression in 20 Ovarian tumor 

samples (10 long, 10 short survivors)

♦ Used curated annotations to find ‘equivalent’ variables from 
one data type to another

• Annotations can be used as a means of establishing variable 
equivalence

• Equivalence is user defined (string equality, numerical comparisons, 
etc).

Data DataIdentifiers IdentifiersAnnotations Annotations
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Application of Magellan to Ovarian 
Tumor Data

Projection of subsets between data types
♦ If we select for genes whose mRNA expression correlates with an 

outcome, do copy number changes of loci that map close to those genes 
also correlate?

• Select Genes that correlate with patient survival
• Project those genes onto CGH space – select those loci that map within 1Mb of 

the genes
• Look at the correlation values of the sub selected loci vs. randomly chosen loci

♦ This sequence of tasks can be broken down into a series of simple 
operations in Magellan

• Correlate expression with survival – store as a quantitative annotation

• Sub select expression data
• Project onto CGH data
• Correlate the sub selected CGH loci with survival
• Plot the results
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Application of Magellan to Ovarian 
Tumor Data

Correlation of Sub Selected Loci vs. Patient Survival
♦ CGH loci located in close genomic proximity to genes that correlate with 

survival correlate better with survival than loci chosen at random (p<0.05).
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Magellan allows researchers to perform visualizations and 
analyses of their data in a web based environment
♦ Abstract representation of data and annotations insures a 

broad applicability

♦ Subsetting functionality allows users to sub select data based 
on qualitative and quantitative annotations

• Useful for the creation of biologically meaningful sub sets as well as a 
means of reducing the effects of multiple comparisons

♦ Analytical methods can be deployed in a modular fashion

♦ Generalized methods can be combined to facilitate complex 
analyses

• Sub selection, projection, visualization, import, export, etc.
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Deliverables for caBIG:
♦ Interoperability of Magellan with caArray and caBIO

• UML modeling of objects 

• Accessing information (especially curated annotations) from caArray

• Decisions on use of / interface with existing caBIO objects.

Education of End Users
♦ Statistics shouldn’t be a total ‘black box’ to experimentalists 

who are using tools like these
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